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It has long been appreciated that the oocyte cortex plays a key role in
regulating fertilization and establishing embryonic polarity. Recent
studies have identifed the anti-phosphatase EGG-3 as a cortical anchor
for regulatory proteins required for launching embryogenesis in
Caenhorhabditis elegans.J. Amaranath Govindan
and David Greenstein
The fantastic voyage of
embryogenesis begins with the
union of sperm and oocyte at
fertilization, yet developmental
‘ports of call’ that both precede
(meiotic maturation) and follow
(egg activation) the fusion event
itself are of equal importance for
reproductive success. In most
animals, oocytes arrest during
meiotic prophase for prolonged
periods. In response to hormonal
signals, the oocytes resume
meiosis in the process of meiotic
maturation, the hallmarks of which
are nuclear envelope breakdown
and meiotic spindle assembly [1].
Fertilization triggers egg
activation, whereby the oocyte
completes the meiotic divisions,
establishes the blocks to
polyspermy, and initiates the
embryonic program [2].
In the nematode Caenorhabditis
elegans, the processes of meiotic
maturation, ovulation, and
fertilization are temporally coupled
(Figure 1): sperm utilize the major
sperm protein as a hormone to
trigger oocyte meiotic maturation,
and the maturing oocyte, in turn,
signals its own ovulation, leading
to fertilization [3,4]. In C. elegans,
sperm promote the establishment
of embryonic polarity in addition
to activating the egg [5,6]. Recently
inCurrent Biology, two groups [7,8]
have reported evidence that an
anti-phosphatase — a protein that
‘looks’ like a phosphatase, but
lacks enzymatic activity — is
required for egg activation and the
proper timing of early regulatory
steps during the oocyte-to-embryo
transition in C. elegans. Strikingly,
these studies have provided key
insights into the interdependence
of cell-cycle control and
polarity-generating mechanisms
during the earliest stages of
development.In the absence of the
maternally supplied EGG-3
anti-phosphatase, meiotic
maturation and fertilization occur
normally in C. elegans, but no polar
bodies are produced and the
chitinous eggshell fails to form [8].
The polarized dispersal of the
cortical actin cytoskeleton that
occurs after fertilization is aberrant,
prompting Maruyama et al. [8] to
speculate that EGG-3 may play
a role in relaying sperm-entry
signals. Interestingly, the egg-3
mutant phenotype resembles that
of the paternal-effect lethal
spe-11, which encodes a novel
sperm-supplied factor required for
completion of meiosis and
embryogenesis [6,9]. The block to
polyspermy remains intact in egg-3
mutant embryos, indicating that
neither EGG-3 nor a complete
eggshell is required to ensure that
only a single sperm enters the egg.
EGG-3 localizes to the oocyte
cortex (Figure 1), where it localizes
along with the chitin synthase I
CHS-1 and the dual-specificity
YAK-1-related (DYRK) kinase
MBK-2 [7,8]. The localizations of
EGG-3 and CHS-1 to the oocyte
cortex are mutually dependent [8],
though it is not known whether
the two proteins interact directly
or whether the enzymatic activity
of CHS-1 is required for its
EGG-3-anchoring function.
Because several genes for
enzymes involved in the
biosynthesis of chitin, including
chs-1, are required for formation
of polar bodies [10], the failure to
maintain cortical localization of
CHS-1 seems likely to contribute
to the meiotic defects observed in
egg-3 mutant embryos. EGG-3
and CHS-1 are both required for
tethering the MBK-2 kinase to the
oocyte cortex, thereby spatially
restricting its access to substrates
until the appropriate moment.
Microtubules at the oocyte
cortex are reorganized as an earlyresponse to MSP signaling during
the meiotic maturation process
[11]. Later, in response to CDK1
activation during meiotic
maturation, MBK-2 is released
from the oocyte cortex together
with its binding partner EGG-3 [7],
whereupon they become
associated with a punctate
cytoplasmic compartment which
might be vesicular in nature
[7,8,12]. EGG-3 is then degraded
by the proteosome in a manner
that is dependent on the
anaphase-promoting complex/
cyclosome (APC/C) and two RxxL
destruction-box motifs. The timely
degradation of EGG-3 apparently
frees MBK-2, which then
phosphorylates the MEI-1 katanin
subunit, thereby initiating its
ubiquitin-mediated destruction at
anaphase of meiosis II [7,12–14].
The MEI-1/MEI-2 microtubule-
severing katanin is required for the
assembly of short barrel-shaped
acentriolar spindles during
C. elegans female meiosis, and the
inappropriate inclusion of katanin
in mitotic spindles, caused by
a dominant mutation, disrupts the
asymmetric positioning of the
division plane and the proper
partitioning of cell-fate
determinants [15]. In the absence
of EGG-3, MBK-2 localizes to the
oocyte cytoplasm where it
prematurely initiates MEI-1
degradation prior to the completion
of meiosis. Because the two known
MBK-2 substrates, MEI-1 and
OMA-1, are major regulators of the
oocyte-to-embryo transition
[12,13,16], it will be important to
identify MBK-2 kinase substrates
in a comprehensive manner.
How does EGG-3 restrict the
action of the MBK-2 kinase to the
appropriate time in the meiotic cell
cycle? Data reported by Stitzel
et al. [7] support the hypothesis
that EGG-3 anchors an active
kinase at the cortex. By directly
(and perhaps tightly) binding
MBK-2, EGG-3 may restrict
interactions with substrates and
stabilizeMBK-2 for its commission,
which commences as the oocyte
enters M-phase in response to
the MSP signal. Intramolecular
autophosphorylation of a critical
tyrosine residue in the activation
loop has been shown to be
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Figure 1. A cortical EGG-3
complex regulates the se-
lective ubiquitin-mediated
degradation of oocyte pro-
teins during the oocyte-
to-embryo transition in
C. elegans (see text for
details).required for enzymatic activity of
two DYRK-family kinases from
Drosophila, the minibrain kinase
and dDYRK2, and has been
proposed to occur
co-translationally [17]. If MBK-2 is
activated, at least in part, in an
analogous manner, then EGG-3
might also function to protect
MBK-2 from the unwanted action
of genuine phosphatases as
oocytes await the sperm signal,
often for prolonged periods. This
view is consistent with the original
proposal that anti-phosphatases,
which bear extensive sequence
similarity with protein
phosphatases but lack critical
active-site residues required for
catalysis, function to guard and
preserve phosphorylated residues
on their binding partners [18]. In
Arabidopsis, the anti-phosphatase
PASTICCINO2 binds inactive
tyrosine-phosphorylated CDKA to
negatively regulate cell-cycle
progression [19].
Given EGG-3’s critical vantage
point at the oocyte cortex, it will
be important to learn whether it
regulates the function or
localization of other proteins
needed for the oocyte-to-embryo
transition. Stitzel et al. [7] show
that the internalization anddegradation of EGG-3 are both
dependent on function of the
ubiquitin ligase APC/C. Is the
punctate staining observed for
EGG-3 andMBK-2 duringmeiosis II
indicative of association with
a vesicular compartment? Insights
into this question might potentially
come from analysis of non-cell
cycle functions of the APC/C that
impinge on vesicular trafficking.
For example, the APC/C
down-regulates the glutamate
receptor in the C. elegans nerve
cord and this effect was shown to
depend on clathrin-mediated
endocytosis [20], so perhaps,
EGG-3, CHS-1, and MBK-2 are
associated with the cytoplasmic
face of early endosomes during
meiosis II. Does internalization of
EGG-3 play an active role in ferrying
its binding partners from the cortex
to the interior to help make the
oocyte into an embryo, or is it just
a means to EGG-3’s end?
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Individuals with amusia report
life-long difficulties in making sense
of music, even though their hearing
and other cognitive faculties are
normal. They cannot recognize
tunesthatwouldbefamiliar toothers
from their culture; they fail to sing in
tune; and, to them, one song sounds
very much like another. For some
people with this condition, music
is highly aversive. One described
Rachmaninov’s second piano
concerto as sounding like ‘banging
and noise’, while another admitted
she avoided social occasions
involving music ‘at all costs’ [1].
While a body of research has
converged in pinpointing
fine-grainedpitchperception as the
cause of the deficit, a recent study
[2] has proposed an association
between amusia and spatial
deficits. These researchers
identified a group of amusic
individuals using a subtest from the
Montreal Battery for the Evaluation
of Amusia (MBEA) [3]. This battery
is a series of tests in which
participants indicate whether a pair
of tunes is exactly the same or
slightly different. In the ‘contour’
subtest used by Douglas and
Bilkey [2], the difference, when it
occurred, involved a change in
one of the notes of the second
tune such that the pattern of ups
and downs was different for each
tune — a very salient change for
most people.regulation of cyclin-dependent
kinase A. Plant Cell 18, 1426–1437.
20. Juo, P., and Kaplan, J.M. (2004). The
anaphase-promoting complex
regulates the abundance of
GLR-1 glutamate receptors
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C. elegans. Curr. Biol.
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Douglas and Bilkey’s [2] amusic
group made incorrect responses
for eight or more trials out of 30,
putting their performance in the
bottom 2.5% of a normative
sample [3]. The amusics were
compared to control subjects on
a classicmental rotation taskwhich
required them to report whether
pairs of line drawings represented
the same three-dimensional object
from a different viewpoint, or
a different three-dimensional
object altogether. Compared with
the control subjects, who scored in
the normal range on the MBEA, the
amusics made significantly more
errors, even when matched for
musical training background.
Furthermore, within the amusic
group, there was a positive
correlation between mental
rotation score and performance on
the MBEA contour subtest.
Although the two groups were not
balanced for gender (there were
more females in the amusic group)
this relationship between the
musical score and the spatial score
still held when gender was
partialled out.
Two further experiments are
presented to bolster the claim that
amusia is associated with deficits
in spatial processing. Douglas and
Bilkey [2] used a Stimulus
Response Compatibility Task
(SRC), in which participants
compared the pitches of two tones
and indicated whether the second
was higher or lower, using
a response configuration that wasDepartment of Genetics, Cell Biology
and Development, University of
Minnesota, Minneapolis, Minnesota
55455, USA.
E-mail: green959@umn.edu
DOI: 10.1016/j.cub.2007.08.019,
,
either ‘compatible’ (‘higher’ and
‘lower’ responses mapped to
responses that are higher and
lower in vertical space) or
‘incompatible’ (the reverse). A
similar task has been previously
used by Rusconi et al. [4] and Lidji
et al. [5] to demonstrate that pitch is
mapped onto a vertical
representation, even when the task
does not explicitly concern pitch.
Control participants made more
errors for the incompatible
configuration, while the amusics
made equivalent numbers of errors
for both configurations.
While at first sight this may seem
to support the claim that amusics
are failing to implement a spatial
representation of pitch, it seems
that the amusics were worse at
discriminating pitch direction
overall, with twice as many errors
as controls. Foxton et al. [6] have
reported that amusics, as a group,
have thresholds for pitch direction
discrimination that exceed two
semitones (the difference between
Do andRe in ‘Do-Re-Mi’). The issue
here is that Douglas and Bilkey’s [2]
inclusion of such a small interval
does not allow for disambiguation
of a deficit in simple perception of
pitch direction from a deficit in the
mapping of pitch onto vertical
space.
These potential limitations
notwithstanding, the findings
concerning mental rotation
performance resonate with other
studies of amusia and pitch
representation. Links between
visuo-spatial performance and
musical expertise have previously
been drawn, variously highlighting
superior performance of musicians
on visuospatial tasks [7,8], the
activation of brain areas
associated with spatial processing
such as superior parietal cortex
during musical perception [9–11],
and changes in the structure of
superior parietal cortex and other
regions associated with
